Background
==========

Thyroid carcinoma is the common thyroid malignancy \[[@b1-medscimonit-25-1342]\]. Thyroid cancer accounts for 1% of systemic malignancies \[[@b2-medscimonit-25-1342]\]. Except for medullary carcinoma, most thyroid cancers originate from follicular epithelial cells \[[@b3-medscimonit-25-1342]\]. In the early stages, patients may experience swallowing and breathing difficulties, hoarse voice, and there may be blockage when swallowing \[[@b4-medscimonit-25-1342]\]. The current effective treatment is surgical resection combined with radiotherapy. However, according to a World Health Organization survey, the 5-year cure rate is about 57%, the mortality rate is 43%, and the 10-year survival rate of differentiated thyroid cancer is more than 90% \[[@b5-medscimonit-25-1342]\]. Undifferentiated mortality is higher with a survival period of only 4 to 8 months \[[@b6-medscimonit-25-1342]\]. Thus, there is an urgent need to investigate new diagnostic and treatment targets and related mechanisms.

Currently, circular RNAs (circRNAs) have been confirmed to be suitable molecular biomarkers for human cancers. Because of their closed structure, circRNAs have high stability and strong resistant to RNA degradative pathways \[[@b7-medscimonit-25-1342]\]. Many reports have identified differentially expressed circRNAs in thyroid cancer \[[@b8-medscimonit-25-1342],[@b9-medscimonit-25-1342]\]. Peng et al. bioinformatics analysis found that circRNA_100395/miR-141-3p/miR-200a-3p axis might participate in pathogenesis of papillary thyroid carcinoma tumors \[[@b10-medscimonit-25-1342]\]. Similarly, circZFR participates in miR-1261 sponge and regulation of C8orf4, and then effects the invasion and proliferation of papillary thyroid cancer cells \[[@b11-medscimonit-25-1342]\]. In addition, circRNA_NEK6 has been confirmed to target miR-370-30, participate in Wnt signaling pathway, and regulate invasion and proliferation of thyroid cancer \[[@b12-medscimonit-25-1342]\]. In the past several years, circ_0067934 has been screened as a new target for various cancers, such as non-small cell lung cancer \[[@b13-medscimonit-25-1342]\], esophageal squamous cell carcinoma \[[@b14-medscimonit-25-1342]\], and hepatocellular carcinoma \[[@b15-medscimonit-25-1342]\]. However, the molecular mechanism of circRNA in thyroid tumor has not yet been revealed.

In our study, in order to research the molecular mechanism of circ_0067934 in thyroid tumors, the expression of circ_0067934 was studies and related pathways and mechanism were explored. This study may identify new targets for the diagnosis and treatment of thyroid cancer.

Material and Methods
====================

Clinical samples
----------------

A total of 57 thyroid cancer tissue samples and paracancer tissue samples were collected at Thyroid Department of our hospital between May 2014 and May 2017. All patients were diagnosed with thyroid cancer and underwent thyroidectomy. Data on the general condition of the patients included: age, gender, tumor size, lymph node metastasis, and American Joint Committee on Cancer (AJCC) stage. The study experiment was approved by the Ethics Committee of our hospital.

Cell lines and transfection
---------------------------

Human thyroid tumor cell lines (K1 and SW579) and a normal thyroid cell line (Nthy-ori3-1) were obtained from Shanghai Cell Biochemical Institute. The cells were cultured in DMEM (Invitrogen, CA, USA) with 10% fetal bovine serum (FBS), 1% penicillin (100 units/mL) and streptomycin (100 μg/mL) in a humidified incubator containing 5% CO~2~ at 37°C.

K1 and SW579 cells were cultured on 6-well plates, and transfected with siRNA and control by Lipofectamine 2000 (Invitrogen, CA, USA) based on the manufacturer's instructions. Circ_0067934 siRNA plasmids were obtained from RiboBio Company. The success of the transfection was confirmed by quantitative real-time (qRT)-PCR. The siRNA sequences for hsa_circ_0067934 were as follows: sense 5′-UGUUGAUUGGGAUAUGUUAUU-3′; antisense: 5′-UAACAUAUCCCAAUCAACAUU-3′.

RNA isolation and qRT-PCR
-------------------------

Total mRNA was isolated from thyroid tumor tissue and cell lines by TRIzol RNA isolation kit (Qiagen, USA). cDNA was synthesized by reverse transcription system. SYBR green kit was used for qRT-PCR. An iQ5 Real-time PCR Detection System (Bio-Rad, Hercules, CA, USA) was used to detect the expression of circ_0067934. The conditions for the PCRs were as follows: 10-minute pre-denaturation at 50°C, 40 cycles of 95°C for 10 seconds, and at 60°C for 60 seconds. GAPDH was chosen as the control. The primers used were: circ_0067934, F: TAGCAGTTCCCCAATCCTTG, R: CACAAATTCCCATCATTCCC; GAPDH, F: GAAGGTGAAGGTCGGAGTC, R: GAAGATGGTGATGGGATTTC.

Cell viability assay
--------------------

The transfected cells were seeded into 96-well plates. After cultured for 24, 48, 72, and 96 hours, the cell numbers were detected. Cell counting kit-8 was used to detect the cell proliferation according to the operation manual. The absorbance selected at 490 nm.

Apoptosis assay by flow cytometer
---------------------------------

At 48 hours after transfection, the cells were collected and stained with Annexin V-FITC and PI. Then, flow cytometer (Becton Dickinson, USA) was used to evaluate the apoptosis of transfected cells. The data were analyzed by cell quest software version 3.3.

Migration and invasion assay
----------------------------

For the migration assay, the transfected cells was collected, and 4×10^4^ cells were applied to the upper chamber of the plates. The medium in upper chamber was without FBS, while the medium in upper chamber was with 10% FBS. Then, the plates were cultured for 24 hours.

For the invasion assay, the steps were similarly as used for the migration assay. In addition, 200 mg/mL Matrigel was coated on the plate inserts.

After 48 hours of transfection, the cells in the lower chamber were stained using 0.1% crystal violet. A phase contrast microscope was used to photograph and record the cell staining.

Western blot
------------

The expression of N-cadherin, E-cadherin, p-AKT, and total-AKT was detected by western blot. The transfected cells were washed with pre-cooled phosphate buffered saline (PBS) 3 times. The whole protein lysate was added, and the protein was collected by lysis on ice for 10 minutes. The aspirated fractions were placed in a 0.5 mL centrifuge tube and stored at −70°C. After extracting the protein by bicinchoninic acid assay (BCA), 50 μg was used in the 100 V lane. Then, the protein was transferred to the PVDF membrane at 90 V for 90 minutes. 5% TBS milk was used for blocking at room temperature for 1 to 2 hours. N-cadherin, E-cadherin, p-AKT, and total-AKT antibodies (Cell Signaling, Boston, USA) were incubated at 1: 1000 at 4°C overnight and GAPDH was used as an internal reference. The TBST solution was used to wash the membrane for 10 minutes, 3 times. Then, the nitrocellulose membrane was incubated with horseradish peroxidase-labeled goat anti-mouse (1: 5000) for 1 hour at room temperature, and then washed twice with TBST solution for 10 minutes each time. DAB was used for dyeing. The experiments were repeated 3 times.

Statistical analysis
--------------------

SPSS statistics 22 (IBM Corp, Armonk USA) was performed for statistical analysis. Student's *t-*test was used to calculate the differences between 2 groups. The Kaplan-Meier method was used to estimate circ_0067934 and survival period of thyroid carcinoma patients. The threshold of significance was *P*\<0.05.

Results
=======

General condition of involved patients
--------------------------------------

As shown in [Table 1](#t1-medscimonit-25-1342){ref-type="table"}, all involved patients were divided into low and high expression of circ_0067934 groups. The age and gender ratio between the 2 groups showed no significant difference. The patients in the high expression group had higher tumor size, stronger lymph node metastasis, and higher AJCC stage (*P*\<0.05).

Circ_0067934 was upregulated in thyroid tumor tissues and cells
---------------------------------------------------------------

The expression of circ_0067934 in 57 thyroid tumor tissues and matched adjacent tissues were detected by qRT-PCR. The results showed that the expression level of circ_0067934 was significantly higher in thyroid tumor tissues and cell lines than normal (*P*\<0.01, [Figure 1A](#f1-medscimonit-25-1342){ref-type="fig"}). The upregulated expression of circ_0067934 in thyroid tumor tissues was also observed in Peng's dataset (GSE93522) ([Figure 1B](#f1-medscimonit-25-1342){ref-type="fig"}). Moreover, its expression in Nthy-ori3-1, K1, and SW579 were also detected. The circ_0067934 level was increased in these thyroid cancer cell lines ([Figure 1C](#f1-medscimonit-25-1342){ref-type="fig"}). In addition, patients with high expression of circ_0067934 showed lower survival rates ([Figure 1D](#f1-medscimonit-25-1342){ref-type="fig"}). Importantly, Cox proportional hazards regression model analysis also indicated that circ_0067934 was an independent risk factor for prognosis ([Table 2](#t2-medscimonit-25-1342){ref-type="table"}). The results indicated that high level of circ_0067934 expression might participate in thyroid tumor development and affect the survival period of patients.

Circ_0067934 knockdown inhibited proliferation and promoted apoptosis in thyroid tumor cells
--------------------------------------------------------------------------------------------

In order to explore the effects of circ_0067934 in cell growth and apoptosis of thyroid tumor cells, CCK8 and flow cytometry were undertaken. As shown in [Figure 2A](#f2-medscimonit-25-1342){ref-type="fig"}, the expression of circ_0067934 was significantly downregulated by siRNA-circ_0067934 transfection, which indicated the transfection was successful. After transfection, the cell growth in K1 and SW579 cell lines was significantly reduced ([Figure 2B, 2C](#f2-medscimonit-25-1342){ref-type="fig"}), while apoptosis was increased (*P*\<0.01, [Figure 2D](#f2-medscimonit-25-1342){ref-type="fig"}).

Circ_0067934 knockdown inhibited migration and invasion in thyroid tumor cells
------------------------------------------------------------------------------

Migration and invasion assays were used to research the mechanism of circ_0067934 in K1 and SW579 cell lines. Similar to the trend for proliferation, the migration and invasion ability of K1 and SW579 cell lines were significantly decreased after siRNA transfection ([Figure 3A--3D](#f3-medscimonit-25-1342){ref-type="fig"}). The results confirmed that circ_0067934 knockdown induced lower migration and invasion of thyroid tumor cells.

Circ_0067934 knockdown inhibited EMT and PI3K/AKT signaling pathways
--------------------------------------------------------------------

The aforementioned results confirmed that circ_0067934 was a critical factor for proliferation, migration, invasion, and apoptosis of thyroid tumor cells. In order to explore potential molecular mechanism, related pathways were explored. As shown in [Figure 4A, 4B](#f4-medscimonit-25-1342){ref-type="fig"}, the expression of N-cadherin and p-AKT were significantly lower, while the expression of E-cadherin was significantly upregulated. EMT (epithelial-mesenchymal-transition) and PI3K/AKT signaling pathways were both important for tumor development. Thereby, the result confirmed that circ_0067934 could affect EMT and PI3K/AKT signaling pathways in thyroid tumor progression.

Discussion
==========

In this study, circ_0067934 was found to be highly expressed in thyroid tumors than adjacent tissue, and also highly expressed in thyroid tumor cell lines. Patients with high expression of circ_0067934 showed lower survival period. Interestingly, downregulation of circ_0067934 inhibited EMT signaling pathways and PI3K/AKT signaling pathways. More importantly, circ_0067934 knockdown inhibited proliferation, migration, and invasion, and also promoted apoptosis.

In previous studies, circ_0067934 has been confirmed to be a critical circRNA in various cancers. In esophageal squamous cell carcinoma, circ_0067934 was upregulated, and also participated in cell cycle, proliferation, and migration \[[@b14-medscimonit-25-1342]\]. In addition, circ_0067934 was found to regulate miR-1324/FZD5/Wnt/β-catenin axis, and further promote metastasis and growth of hepatocellular cancer \[[@b15-medscimonit-25-1342]\]. In non-small cell lung cancer (NSCLC), circ_0067934 could regulate the process of epithelial-to-mesenchymal transition, and then suppress proliferation, migration, and invasion of NSCLC cells \[[@b16-medscimonit-25-1342]\]. In this study, circ_0067934 knockdown inhibited EMT and PI3K/AKT signaling pathways.

EMT have been confirmed to participate in various biological processes, such as wounding healing, embryonic development, and cancer progression \[[@b17-medscimonit-25-1342]\]. As shown in previous studies, EMT was found to participate in ATCs development and local invasion of thyroid cancer \[[@b18-medscimonit-25-1342]\]. More importantly, it was closely related to tumor treatment and recurrence \[[@b19-medscimonit-25-1342]\]. EMT related proteins, such as p53, affected invasion and metastatic movement, and also maintained transcriptional programs \[[@b20-medscimonit-25-1342]\]. In addition, the EMT and PI3K/AKT pathways could be involved in thyroid tumor development. Han et al. \[[@b21-medscimonit-25-1342]\] confirmed that mammalian study it could inhibit mTOR signaling pathways, then decrease the expression of c-Myc and Cyclin D1, and further inhibit growth of thyroid cancer cells. More importantly, HPIP could activate PI3K/AKT signaling pathway, and further improve growth, migration, and EMT of thyroid cancer cells \[[@b22-medscimonit-25-1342]\]. Similarly, upregulated ING5 could decrease HGF-induced EMT, invasion, and proliferation by regulating Met/PI3K/Akt signaling pathway in development of thyroid cancer \[[@b23-medscimonit-25-1342]\].

Interestingly, various genetic alterations in PI3K/AKT signaling pathway was abnormally regulated in numerous diseases, including breast cancer, lung cancer, and thyroid cancer. Liu et al. \[[@b24-medscimonit-25-1342]\] confirmed that genetic alterations, such as PIK3 mutations, was detected in thyroid carcinoma. Perifosine, a genetic-based target for PI3K/AKT signaling pathway, was shown to be a promising treatment strategy for thyroid cancers \[[@b23-medscimonit-25-1342]\]. Similarly, combretastatin A4 could decrease the expression of PI3K/AKT signaling pathway related genes, such as Vimentin, Twist1, and ZEB1, and then inhibit migration and proliferation and promote apoptosis of thyroid cancer cells \[[@b25-medscimonit-25-1342]\]. Besides, leptin could regulate PI3K/AKT signaling pathway, and improve the migration of papillary thyroid cancer \[[@b26-medscimonit-25-1342]\].

There were some limitations in our study. Because of limitation at our hospital, the number of study patients was relatively small. In addition, downstream pathways of EMT and PI3K/AKT signaling pathway have not been researched. Thereby, more patients will be involved in further study. Additionally, how circ_0067934 affects the PI3K/AKT signaling pathway remains unclear in our study. Previously, a study showed that circ_0067934 serves as a sponge for miRNA in hepatocellular carcinoma \[[@b15-medscimonit-25-1342]\]. Thus, circ_0067934 might be utilized by some miRNAs to regulate PI3K/AKT signaling pathway; this will require further investigation in the future.

Conclusions
===========

In conclusion, circRNA circ_0067934 promoted development of thyroid carcinoma by regulating EMT and PI3K/AKT signaling pathways. Circ_0067934 might be a new target for thyroid tumors treatment. This study might provide a theoretical basis for the prevention and treatment of thyroid cancer.
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![Circ_0067934 upregulates in thyroid tumor tissues and cells. (**A**) Expression level of circ_0067934 in thyroid tumor and para-carcinoma tissues detected by qRT-PCR. (**B**) The expression level of circ_0067934 according to Peng's dataset (GSE93522). (**C**) Expression level of circ_0067934 in in thyroid tumor and normal cell lines detected by qRT-PCR. (**D**) Survival curve analysis by Kaplan-Meier method. \*\* *P*\<0.01 and \*\*\* *P*\<0.001.](medscimonit-25-1342-g001){#f1-medscimonit-25-1342}

![Circ_0067934 knockdown inhibits proliferation and promotes apoptosis in thyroid tumor cells. (**A**) Analysis of circ_0067934 expression level in K1 and SW579 cells after transfection by qRT-PCR. (**B, C**) Cell counting kit-8 assay indicated that circ_0067934 silencing inhibited proliferation. (**D**) Flow cytometry assay indicated that circ_0067934 silencing promoted apoptosis. \* *P*\<0.05, \*\* *P*\<0.01 and \*\*\* *P*\<0.001.](medscimonit-25-1342-g002){#f2-medscimonit-25-1342}

![Circ_0067934 knockdown inhibits migration and invasion in thyroid tumor cells. (**A, B**) Transwell migration assay in K1 and SW579 cell lines indicated that circ_0067934 silencing inhibited migration. (**C, D**) Transwell invasion assay in K1 and SW579 cell lines indicated that circ_0067934 silencing inhibited invasion. \*\* *P*\<0.01 and \*\*\* *P*\<0.001](medscimonit-25-1342-g003){#f3-medscimonit-25-1342}

![Circ_0067934 knockdown inhibits EMT and PI3K/AKT signaling pathway. (**A**) Western blot assay showed that circ_0067934 silencing inhibited EMT. (**B**) Western blot assay showed that circ_0067934 silencing suppressed PI3K/AKT signaling pathways in tumor cell lines.](medscimonit-25-1342-g004){#f4-medscimonit-25-1342}

###### 

Association between circ_0067934 level and clinicopathologic characteristics in the validated cohort.

  Characteristics         Low (n=29)   High (n=28)   P-value
  ----------------------- ------------ ------------- ---------
  Age                                                0.289
   ≤45                    19           14            
   \>45                   10           14            
  Gender                                             0.167
   Female                 22           16            
   Male                   7            12            
  Tumor size                                         0.016
   ≤10 mm                 17           7             
   \>10 mm                12           21            
  Lymph node metastasis                              0.035
   Yes                    10           18            
   No                     19           10            
  AJCC stage                                         0.031
   I+II                   22           13            
   III+IV                 7            15            

Chi-square test for significant difference.

###### 

Cox proportional hazards regression model analysis of risk factors for poor prognosis of OS in thyroid cancer.

  Variables                 RR      95% CI          P-value
  ------------------------- ------- --------------- ---------
  circ_0067934 expression   4.385   1.087--17.544   0.038
  Age                       2.660   0.777--9.091    0.119
  Lymph node metastasis     2.618   0.759--9.010    0.128

RR -- relative risk; 95% CI -- 95% confidence interval.
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